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Abstract To identify various subtypes of spinocerebellar
ataxias (SCAs) among 57 unrelated individuals clinically
diagnosed as ataxia patients we analysed the SCA1,
SCA2, SCA3, SCA6, SCA7 and DRPLA loci for expan-
sion of CAG repeats. We detected CAG repeat expansion
in 6 patients (10.5%) at the SCA1 locus. Ten of the 57 pa-
tients (17.5%) had CAG repeat expansion at the SCA2 lo-
cus, while four had CAG expansion at the SCA3/MJD lo-
cus (7%). At the SCA6 locus there was a single patient
(1.8%) with 21 CAG repeats. We have not detected any
patient with expansion in the SCA7 and DRPLA loci. To
test whether the frequencies of the large normal alleles in
SCA1, SCA2 and SCA6 loci can reflect some light on
prevalence of the subtypes of SCAs we studied the CAG
repeat variation in these loci in nine ethnic sub-popula-
tions of eastern India from which the patients originated.
We report here that the frequency of large normal alleles
(>31 CAG repeats) in SCA1 locus to be 0.211 of 394
chromosomes studied. We also report that the frequency
of large normal alleles (>22 CAG repeats) at the SCA2 lo-
cus is 0.038 while at the SCA6 locus frequency of large
normal alleles (>13 repeats) is 0.032. We discussed our
data in light of the distribution of normal alleles and
prevalence of SCAs in the Japanese and white popula-
tions.
Introduction
The spinocerebellar ataxias (SCAs) are autosomal domi-
nant late-onset progressive neurodegenerative disorders
displaying clinical and genetic heterogeneity. The loci re-
sponsible for seven subtypes of SCAs have been cloned:
SCA1 (MIM 164400), SCA2 (MIM 183090), Machado-
Joseph disease (MJD)/SCA3 (MIM 109150), SCA6
(MIM 183086), SCA7 (MIM 164500), SCA8 (MIM
271245) and DRPLA (MIM 125370). In all cases, expan-
sion of CAG/CTG repeats in the respective genes have
been implicated in the pathogenesis of the disease (David
et al. 1997; Imbert et al. 1996; Kawaguchi et al. 1994; Orr
et al. 1993; Koide et al. 1994; Koob et al. 1999; Pulst et al.
1996; Sanpei et al. 1996; Zhuchenko et al. 1997). For ex-
ample, the number of CAG repeats at the SCA1 locus
varies from 25 to 36 in normal individuals, while among
affected individuals the range is 40 to 81 (Orr et al. 1993).
Similarly, polymorphic CAG repeats in the ataxin2 gene
(SCA2 locus) varies from 15 to 29 repeats among normal
individuals and from 35 to 59 among affected individuals
(Imbert et al. 1996; Sanpei et al. 1996).
Wide global variation in relative prevalence of SCA
subtypes among autosomal dominant cerebellar ataxia
(ADCA) patients has been observed. SCA1 has been re-
ported to be far more common in Russia (Illarioshkin et
al. 1996) than any other SCA subtypes. Recently Takano
et al. (1998) have reported that the general prevalence of
SCA1 and SCA2 is significantly higher among white
SCA pedigrees (15% and 14%, respectively) than in the
Japanese, whereas relative prevalence of SCA3 is higher
in the Japanese pedigrees (43%) than in whites (30%).
Also, SCA6 and DRPLA appears to be less frequent in
white populations (5% and 0%, respectively) than in
Japanese populations (11% and 20%, respectively; Taka-
no et al. 1998).
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It has been reported that SCA2 is exclusively responsi-
ble for all ataxia cases in the Indian population (Wadia et
al. 1997). In a study of six Indian SCA2 pedigrees, Wadia
et al. observed CAG repeat expansion in 14 affected fam-
ily members at the SCA2 locus. All of these patients
showed slow saccades and peripheral neuropathy. An in-
verse correlation between repeat size and age at onset was
observed with repeat numbers varying from 36 to 45 re-
peats (Wadia et al. 1998). Similar observation has been re-
ported by Saleem et al. (2000) in an independent set of 
39 SCA pedigrees principally from northern India. SCA2
is also the most common form of hereditary ataxias
among Korean patients (Jin et al. 1999), constituting
12.6% of all SCA patients, followed by SCA6 (6.9%) and
SCA3 (4.6%). SCA1 or SCA7 mutation was not found in
this study.
SCA3 is more common in Germany (Schöls et al.
1995), Brazil (Lopes-Cendes et al. 1997), the United
States (Geschwind et al. 1997; Moseley et al. 1998), Por-
tugal (Silveira et al. 1998) and Japan (Sasaki and Tashiro
1999; Takano et al. 1998). In Portugal, expansion at
SCA3/MJD locus was observed in 74% of ADCA pa-
tients, followed by expansion at SCA2 locus in 4% of pa-
tients. The investigators did not find any SCA1, DRPLA
or SCA6 mutation (Silveira et al. 1998). Similarly, in the
Japanese population, Sasaki et al. (1999) have observed
that 24.6% of patients possessed CAG expansion at the
SCA3 locus, followed by expansions at SCA6 (11.8%),
SCA1 (10.5%) and SCA2 (4.4%) loci. SCA6 is the most
common (5%) expansion mutation in SCA patients in the
United Kingdom, followed by SCA2 (Leggo et al. 1997).
Expansion at the SCA6 locus is also very frequent (13%)
in ADCA families of Germany (Schöls et al. 1998).
The molecular basis of such differences in the preva-
lence of SCAs within and among ethnic populations is un-
clear. Recent studies on myotonic dystrophy (DM), an-
other trinucleotide repeat expansion disorder, have shown
that the distribution of large CTG repeat alleles in the nor-
mal range in populations is positively correlated with dis-
ease prevalence. This is a characteristic feature of dy-
namic mutations in general, where the size of an initial
expansion determines the rate of further expansion. This
has led to the postulation that alleles with large CTG re-
peat number in the normal range (large ANs) are rela-
tively unstable and undergo expansion to reach an inter-
mediate range from which further expansion to the dis-
ease range takes place. Therefore a study on the percent-
age of large normal alleles in any population would be an
indirect reflection of the prevalence of the disease in that
population. This was found to be true in African and Is-
raeli populations (Goldman et al. 1996; Mor-Cohen et al.
1997). Similarly, in Huntington’s disease it has been pos-
tulated that the expanded CAG repeats in HD patients
arise from large normal alleles of more than 20 repeats
(Rubinsztein et al. 1994; Squiteiri et al. 1994). For exam-
ple, while the prevalence of Huntington’s disease is 1 per-
son per 10,000 in East Anglia (United Kingdom), in the
Japanese population it is relatively rare (1 in 1,000,000).
This observation is consistent with the fact that normal
Japanese individuals show significant paucity of large al-
leles at the Huntington’s disease locus compared to East
Anglians. A similar study involving white and Japanese
ADCA patients and normal individuals observed that the
prevalence of SCAs is highly correlated with the fre-
quency of larger normal alleles in the normal population
(Takano et. al. 1998). They reported that prevalence of
SCA1 and SCA2 among SCA patients are significantly
higher in white SCA pedigrees (15% and 14% respec-
tively) than in Japanese, corresponding to the observation
that the frequencies of large ANs in SCA1 (>30 repeats
and >31 repeats) and SCA2 (>22 repeats) were signifi-
cantly higher in whites than in Japanese. This was also
consistent with the SCA3, SCA6 and DRPLA loci
(Takano et al. 1998).
To our knowledge, there are no previous reports of
SCA6 from India, clinical or otherwise, although there are
reports of SCA2 and MJD/SCA3 (Bharucha et al. 1986;
Wadia and Swami 1971).
In this study we present the results of DNA analysis of
CAG repeats at the SCA1, SCA2, SCA3/MJD, SCA6,
SCA7 and DRPLA loci in 57 unrelated patients with SCA
or late-onset cerebellar ataxia for determining the subtype
of SCA in these individuals. We also provide the results of
studies on CAG repeat distributions at the SCA1, SCA2
and SCA6 loci in nine ethnic populations of eastern India
from which the patients originated, in an attempt to un-
derstand the molecular determinants of the ethnic varia-
tion in subtypes of SCAs among these populations.
Materials and methods
Patient sampling
Among patients visiting the Bangur Institute of Neurology, Med-
ical College Hospital, Calcutta, and Advanced Diagnostic Centre,
Ranchi, during the period from August 1997 to September 1999,
57 were clinically examined and identified as having SCA. These
patients were unrelated to one another at least to the second-cousin
level. Information of family history and a sample of blood was col-
lected, with appropriate consent, from each patient. Most patients
belonged to the Hindu caste groups of eastern India (West Bengal
and Bihar). These caste groups were at various levels in the social
hierarchy. Nine patients were from Islamic religious groups, but
originated from eastern India. None of the patients belonged to any
tribal community. Of the 57 patients 26 reported positive family
history. The family history of the remaining 31 cases was not suf-
ficient to allow classification as sporadic or late-onset cerebellar
ataxia with positive family history. Of the 26 patients with positive
family history, transmission was paternal in 15 and maternal in 8,
while in 3 others there was no parental history although other fam-
ily members with similar symptoms were reported. The age at pre-
sentation of the disease varied from 9 to 62 years. The mean age at
presentation of the patients with positive family history was
34.42±13.04 and that of the remaining patients was 36.83±13.34.
There were 37 men and 20 women.
DNA isolation and PCR amplification
DNA was isolated from peripheral blood lymphocytes using stan-
dard protocol (Miller et al. 1988). SCA1 locus was amplified by
PCR using primers Rep1 and Rep2 under the conditions described
by Orr et al. (1993). SCA2, SCA3, SCA6, SCA7 and DRPLA loci
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were amplified using primers F1 and R1, MJD52 and MJD25, 
S-5-F1 and S-5-R1, 4U1024 and 4U716, B37F and B37R, respec-
tively. Conditions for amplification were essentially same as de-
scribed earlier (Kawaguchi et al. 1994; Koide et al. 1994; Sanpei et
al. 1996; Stevanin et al. 1998; Zhuchenko et al. 1997). In the case
of patients, the amplified products of all loci were checked on
1.5% agarose gel and then run on 6% denaturing urea-polyacryl-
amide gel along with positive controls and allelic markers of
known sizes. The products were then transferred to Hybond N+
membrane (Amersham, UK), hybridised with (CTG)10 oligonu-
cleotide end-labelled with 32P (BRIT, India) by terminal trans-
ferase (GIBCO BRL, USA) and visualised by autoradiography.
PCR products of the SCA2, SCA3 and SCA7 loci were also run on
2% agarose gel (high-efficiency grade; USB, Amersham, UK) as
well and transferred to Hybond N+ membrane and probed with
32P-labelled (CTG)10 as described above, to detect any expanded
allele which could not be resolved on 6% polyacrylamide gel. For
determination of repeat numbers at the SCA2 and SCA6 loci, we
ran the PCR products of various normal individuals on 7% non-de-
naturing polyacrylamide gel with 25-and 50-bp ladders (GIBCO
BRL, USA) and visualised by silver staining. One of the normal
allele at the SCA2 locus was sequenced and found to have 22 CAG
repeats. For determination of sizes of PCR products at the SCA1,
SCA3, SCA7 and DRPLA loci, PCR amplification was carried out
using fluorescence-labelled primers and detected using Genescan
system (version 2.02) in an ABI-377 automated DNA sequencer.
While determining the of sizes of normal alleles, we included the
cryptic CAT or CAA interruptions which may be present within
the CAG tract in SCA1 or SCA2 loci (Orr et al. 1993; Sanpei et al.
1996). One of the expanded alleles at the SCA1 locus was se-
quenced and had 49 CAG repeats with no CAT interruptions and
was used as a positive control. One of the expanded alleles at the
SCA3 locus was also sequenced and had 79 CAG repeats.
Population sampling
A sample of 5–10 ml blood was collected by venipuncture from
each individual belonging to nine endogamous ethnic groups of In-
dia with appropriate consent. DNA was isolated and analysed as
described above. The populations inhabit the states of West Ben-
gal, Orissa and Tripura. The ethnic groups are: Bengali Brahmin,
Hindu caste, traditionally priests, now in various occupations; San-
tal, tribal, primarily agricultural labourers; Lodha, tribal, hunter-
gatherers and agricultural labourers; Tripuri, tribal, agriculturists;
Gaud, Hindu caste, primarily agriculturists; Tanti, Hindu caste, tra-
ditionally weavers; Agharia, Hindu caste, primarily agriculturists;
Mahishya, Hindu caste, primarily agricultural labourers; Bagdi,
Hindu caste, agricultural labourers and fishermen. Of these groups,
the Lodhas and Santals are Austro-Asiatic speaking tribals, and the
Tripuris are a Tibeto-Burman speaking tribal group. The remain-
ing six populations are Indo-European speaking caste groups at
various levels of social hierarchy. Further details about the popula-
tions are described in Majumder et al. (1999).
Degrees of freedom was 1 for all c 2 tests performed between
any pair of populations. The null hypothesis was rejected at
P<0.05.
Results
CAG repeats in SCA1, SCA2, SCA3, SCA6, SCA7 
and DRPLA loci in SCA patients
We studied CAG repeat length at the SCA1, SCA2,
SCA3, SCA6, SCA7 and DRPLA loci in 57 unrelated
ataxia patients for determining the subtypes of SCA. Only
6 patients had CAG repeat numbers in the range generally
observed among SCA1 patients. The size of expanded al-
leles varied from 44 to 52 repeats, with age at presentation
between 20 and 53 years. Transmission appears to have
been paternal for five patients, and there was no definite
history of SCA among relatives of the sixth patient (with
25 and 49 CAG repeats). The expanded allele in this pa-
tient was sequenced, and no CAT interruption was de-
tected.
At the SCA2 locus we detected moderate expansion of
CAG repeats in 10 of the 57 patients studied (39–45 re-
peats), with age at presentation varying from 20 to 50 years.
There was no definite family history in three of the pa-
tients showing SCA2 expansion, whereas transmission
was paternal in four cases and maternal in three. Blood
samples from the affected parents were available in three
cases, and expanded CAG repeat numbers varied from 36
to 40 repeats in these cases.
The region containing the CAG repeats in the ataxin3
gene was amplified and analysed as described above. In 4
of the 57 ataxia patients we observed CAG repeats in the
expanded range. One of the expanded alleles was se-
quenced and had 79 CAG repeats. Transmission was ma-
ternal in three cases, with age of presentation varying
from 20 to 29 years, while in the fourth case, in which the
age at presentation was 62 years, there was no family his-
tory of the disease.
At the SCA6 locus we detected only one individual
with 21 CAG repeats, which is in the expanded range
(20–29 repeats). The homologous chromosome had 11
CAG repeats. Transmission was paternal as revealed from
the interview of the patient. In the remaining 56 patients
the CAG repeat number varied from 7 to 14 at this locus.
We detected no expansion in the DRPLA and SCA7
loci among these 57 patients. A summary of the results is
presented in Table 1.
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Table 1 Summary of the dis-
tribution of expanded CAG re-
peats in various SCA loci
among 57 clinically diagnosed
unrelated ataxia patients
aNo expansion was obtained at
SCA7 and DRPLA loci among
the patients studied
Locus Expansion of CAG/CTG repeats observed in patients Total Range 
of expanded 
With family history Without family history n % repeat numbers
SCA1 5 1 6 10.5 44–52
SCA2 7 3 10 17.5 39–45
SCA3/MJD 3 1 4 7.0 62–79
SCA6 1 0 1 1.8 21
Unknown 10 26 36 63.2 –
CAG repeats at SCA1, SCA2 and SCA6 loci 
in ethnic populations
The repeat sizes of the normal population samples were
determined at the SCA1 locus and is presented in Table 2.
The overall estimated heterozygosity considering all the
nine populations (394 chromosomes) was 0.84 at the
SCA1 locus, with allele range varying from 23 to 36 re-
peats. There were 14 alleles, with the 29-repeat allele hav-
ing the maximum frequency. The distribution of alleles is
positively skewed (0.26) at this locus. Between popula-
tions the observed heterozygosity varied from 0.72 in the
Agharias to 0.85 in the Brahmins and Tripuris. Alleles
with the maximum frequency varied from 29 to 31 repeats
in all populations, except Lodhas, among whom the 34-re-
peat allele was the most common. The maximum number
of alleles (11) was found in the Brahmins and the Tripuris,
while the Gaud and Agharias had the minimum number
(5). The frequency of alleles greater than 30 or 31 repeats
(the large normal alleles or ANs) varied among popula-
tions. The frequency of large alleles higher than 31 was
0.21 in the overall sample studied. The c 2 test was per-
formed between all pairs of populations to determine
whether the variation in frequencies of large ANs (>31 re-
peats) was significant between any pair. Differences be-
tween Lodhas and other populations, except the Brah-
mins, were all statistically significant (P<0.05). The fre-
quency was also significantly higher in Brahmins than in
Agharias (c 2=5.96; P<0.015).
The observed distributions of repeat sizes at the SCA2
locus are presented in Table 3. In the normal population
the observed heterozygosity in the pooled sample of 448
chromosomes was 0.17, with allele range varying from 14
to 31 repeats. The distribution of alleles was negatively
skewed (–0.13) at this locus. We obtained one allele each
with 31 CAG repeats in the Brahmin and Mahishya popu-
lations, which is above the range of the initially published
maximum allele size of 29 repeats (Sanpei et al. 1996).
There were 12 alleles in all, with the 22-repeat allele hav-
ing the maximum frequency (0.91). Among the popula-
tions the heterozygosity varied from 0.36 in the Lodhas to
0.0 in the Gaud population. The 22-repeat allele had the
maximum frequency in all populations. The maximum
number of alleles was found among Brahmins (7), while
the Gaud population was monoallelic for the 22-repeat al-
lele. The frequency of alleles greater than 22 repeats (the
large normal alleles or ANs) vary among populations. The
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Table 2 Analysis of distribution of CAG repeat numbers of the SCA1 locus in nine ethnic populations
Population 2n CAG repeats Observed CAG repeat range:   Allele range Total no. Allele with 
heterozygosity chromosomes at each (in repeats) of alleles maximum repeats
class interval (%)
23–26 27–31 32–36
Brahmin 44 30.64±2.40 0.85 6.8 61.5 31.7 23–35 11 30
Santal 38 30.39±2.28 0.80 0.0 84.1 15.9 27–36 8 31
Lodha 62 31.52±2.18 0.77 0.0 56.5 43.5 27–35 8 34
Tripura 72 29.43±2.30 0.85 4.2 76.3 19.5 23–35 11 29
Gaud 14 29.71±1.68 0.76 0.0 92.8 7.2 27–32 5 31
Tanti 22 29.36±1.92 0.74 0.0 91.0 9.0 27–35 6 29
Agharia 26 29.65±1.67 0.72 0.0 96.2 3.8 27–32 5 31
Mahishya 56 30.05±1.89 0.79 3.6 82.1 14.3 25–34 9 29
Bagdi 60 30.20±2.20 0.82 1.7 81.6 16.7 26–36 10 29, 31
Pooled 394 30.21±2.23 0.84 2.2 76.7 21.1 23–36 14 29
Table 3 Analysis of CAG repeats in the SCA2 locus in nine ethnic populations of India
Population 2n CAG repeats Observed CAG repeat range: chromosomes  Allele range Total no. 
heterozygosity at each class interval (%) (in repeats) of alleles
<22 22 >22
Brahmin 44 22.27±1.75 0.29 4.5 84.1 11.4 17–31 7
Santal 40 22.12±0.78 0.05 0.0 97.5 2.5 22–27 2
Lodha 64 21.53±0.92 0.36 21.9 78.1 0.0 19–22 4
Tripuri 80 21.89±1.44 0.14 3.7 92.6 3.7 14–27 6 
Gaud 24 22 ±0.0 0.0 0.0 100.0 0.0 22 1
Tanti 30 22.07±0.24 0.13 0.0 93.3 6.7 22–23 2
Agharia 36 22.06±0.33 0.05 0.0 97.2 2.8 22–24 2
Mahishya 68 22.19±1.14 0.09 0.0 95.5 4.5 22–31 4
Bagdi 62 21.74±1.24 0.18 6.5 90.3 3.2 16–23 5
Total 448 21.95±1.15 0.17 5.2 91.0 3.8 14–31 12
maximum frequency in that range was found among the
Brahmins (0.114) while the minimum was found among
the Lodhas and Gauds (0.0). The frequency is 0.038 in the
overall population out of 448 chromosomes studied. The
c
2 test performed between all pairs of populations re-
vealed that the differences were significant between Brah-
mins and Lodhas ( c 2=7.25, P<0.01) and between Lodhas
and Tantis (c 2=4.25, P<0.05). The Brahmin was the only
population in which the frequency of large ANs of more
than 22 repeats was significantly higher than the pooled
population (c 2=5.12; P<0.05). Considering the mean of
CAG repeat alleles in various populations, the standard
deviation from the mean (22.27) was also the highest in
the Brahmins (Table 3). The mean of CAG repeats was
21.95 in the pooled population, with a standard deviation
of 1.15.
The repeat numbers at the SCA6 locus were obtained
in the same set of populations, and the results are pre-
sented in Table 4. Analysis of 414 chromosomes in the
pooled sample revealed that the observed heterozygosity
was 0.71, with the 11-repeat allele having the maximum
frequency. The distribution of alleles was positively
skewed (0.28). In all, nine alleles were found ranging
from 7–16 CAG repeats. There was no 9-repeat allele in
any population although 8- and 10-repeat alleles were
found. Among the nine populations studied the heterozy-
gosity varied from a maximum of 0.76 among Gauds and
Tripuris to a minimum of 0.52 among Santals. The 11-re-
peat allele had the maximum frequency in all populations,
except among Tripuris, in whom the 13-repeat allele was
the most frequent. The maximum number of alleles were
found in the Tripuris and Mahishyas (7), while the Santals
had the minimum number of alleles (3). Alleles ranging
from 8 to 10 repeats were very rare and were present only
in the Tripuris and Mahishyas. The frequency of alleles
greater than 13 repeats (the large ANs) varied among pop-
ulations. The maximum frequency for that range was
found in the Gaud (0.124), while in the Brahmin, Santal,
Tanti, Agharia and Bagdi populations, no alleles in this
range was found. The frequency was 0.032 in the overall
population of 414 chromosomes studied. The difference
in frequencies of large normal alleles (greater than 13 re-
peats) was significant between Brahmin and Tripuri ( c 2=
3.94, P<0.05) and between Tripuri and Bagdi (c 2=5.22,
P<0.05). Differences between Gaud and some other pop-
ulations, namely the Brahmin, Santal, Lodha, Agharia and
Bagdi, were all statistically significant (P<0.05).
At the SCA3 locus we studied three populations: the
Brahmin, Lodha and Santal. In both Brahmins and Lodhas
(n=36 and 48, respectively) the range of CAG repeats var-
ied from 14 to 30 repeats, with 11 and 12 alleles in the two
populations, respectively. The Santals (n=28) had 14–
32 repeats with 10 distinct alleles. The 23-repeat allele
was the most frequent in all three populations. Heterozy-
gosity at this locus varied from 0.82 in the Brahmin and
Lodha to 0.87 in the Santal. The overall frequency of
large ANs with more than 27 and more than 31 repeats
was 0.17 and 0.026, respectively, in the pooled population
(112 chromosomes).
Discussion
The relative frequencies of the hereditary ataxias vary
worldwide and also among different ethnic groups. Con-
trary to an earlier observation that SCA2 is exclusively re-
sponsible for all ataxia cases in the Indian population
(Wadia et al. 1997), our study clearly indicates that at
least in populations from eastern India various other sub-
types of SCAs are also present. The frequencies of SCAs
as detected by the CAG repeat expansion in the respective
genes were 10.5%, 17.5%, 7% and 1.8% for SCA1,
SCA2, SCA3 and SCA6, respectively. No SCA7 or 
DRPLA patients were identified by this screening. To our
knowledge, this is the first report on simultaneous molec-
ular analysis of SCA1, SCA3, SCA6, SCA7 and DRPLA
among SCA patients and normal individuals from defined
ethnic groups of eastern India.
We studied the CAG repeat distribution at the SCA1,
SCA2 and SCA6 loci in nine ethnic populations of eastern
India from which the patients originated, to examine
whether the data suggest predisposition to a particular type
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Table 4 Analysis of CAG repeats in the SCA6 locus in nine ethnic populations of India
Population 2n CAG repeats Observed CAG repeat range: Allele range Total no. Allele with 
heterozygosity chromosomes at each (in repeats) of alleles maximum 
class interval (%) frequency
(in repeats)
7 8–10 11–13 >13
Brahmin 44 10.68±2.140 0.71 22.7 0.0 77.3 0.0 7–13 4 11
Santal 40 10.65±1.838 0.52 17.5 0.0 82.5 0.0 7–13 3 11
Lodha 64 11.86±1.309 0.65 3.1 0.0 95.3 1.6 7–15 5 11
Tripuri 78 11.21±2.488 0.76 21.8 2.6 66.6 9.0 7–15 7 13
Gaud 16 11.62±1.568 0.76 12.5 0.0 75.1 12.4 7–16 6 11
Tanti 26 10.58±1.843 0.63 19.2 0.0 80.8 0.0 7–13 4 11
Agharia 32 11.60±1.453 0.70 6.2 0.0 93.8 0.0 7–13 4 11
Mahishya 56 11.30±1.812 0.69 10.7 1.8 82.1 5.4 7–15 7 11
Bagdi 58 10.88±1.713 0.60 13.8 0.0 86.2 0.0 7–13 4 11
Total 414 11.17±1.962 0.71 14.2 0.7 81.9 3.2 7–16 9 11
of SCA. This would also help us to determine whether the
prevalence varies between different ethnic groups. Unfor-
tunately, our data on SCA3 among normal individuals is
still scanty for this purpose.
At the SCA1 locus, large normal alleles (the large
ANs) greater than 30 and 31 repeats constituted 43.1%
and 21.1% of 394 chromosomes in the pooled population.
In a study by Takano et al. (1998) the frequencies of alle-
les greater than 30 and 31 repeats were found to be 0.09
and 0.04 among Japanese, while they were 0.26 and 0.16
in whites, respectively. This is well correlated with the ob-
servation that prevalence of SCA1 among SCA patients is
much higher in white pedigrees (15%) than in Japanese
pedigrees (3%). Considering large ANs of more than 
30 repeats, the frequency in the pooled Indian population
is significantly higher than that of both the Japanese and
white populations (c 2=79.62, P<0.0001 between Indian
and Japanese; c 2=28.51, P<0.0001 between Indian and
white). However, when the frequencies of large ANs of
more 31 repeats are compared, the frequency among 
Indians is significantly higher than among Japanese
(c 2=41.75, P<0.0001), whereas there was no significant
difference with the white population. This indicates that,
as with whites, SCA1 may represent a larger proportion
among SCA subtypes in some Indian sub-populations.
The frequency of large ANs and the prevalence of the cor-
responding SCAs in the overall population are shown
schematically in Fig. 1.
At the SCA2 locus, if we consider alleles of more than
22 repeat to constitute the large ANs from which further
expansion to the disease range takes place, the frequency
of large ANs is 0.038 in the pooled population. The max-
imum frequency of large ANs was found in the Brahmins
(0.114) while the minimum was found in the Lodhas and
Gaud (0.0). We further compared our data on large ANs
with those on Japanese and white populations presented in
the study by Takano et al. (1998). The frequencies of alle-
les of more than 22 repeats in Indian, Japanese and white
populations are 0.038, 0.01, 0.12, respectively. The pair-
wise c 2 test revealed that the frequency of large ANs is
significantly higher in the Indian population (pooled) than
in the Japanese population ( c 2=10.66, P<0.0015). Similar
comparison revealed that the frequency of large ANs is
significantly lower in the Indian population than in whites
(c 2=20.81, P<0.0001). The frequency of large ANs of
more than 22 repeats in our Indian population is in the in-
termediate range between the two other populations.
These observation is consistent with the finding that Indi-
ans are genetically between Caucasoids and Mongoloids
(Majumder 1998). However, the prevalence of SCA2 in
our population appears to be highest among the SCA sub-
types (Fig.1) and is even higher than that among whites.
This could be due either to the small patient sample size
or to the fact that the total number of large ANs in our
pooled population is underrepresented, since at least two
populations, the Lodha and the Gaud, do not contribute
any large ANs to the pooled data.
We found two 14-repeat alleles at the SCA2 locus in
the Tripuri population. This is the smallest allele in our
population. The largest allele is of 31 CAG repeats found
one each in the Brahmin and Mahishya populations,
which is larger than the initially reported 29 repeats (San-
pei et al. 1996).
At the SCA6 locus the frequency of large ANs of more
than 13 repeats is 0.032 for the overall population. The
maximum frequency of alleles in this range is found
among the Gaud (12.4%), while the Brahmin, Santal,
Tanti, Agharia and Bagdi do not have any alleles in this
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Fig.1 Histogram representing
prevalence and large normal
alleles (large ANs) at various
SCA loci among different pop-
ulations. Black bar Frequency
of large ANs; white bar preva-
lence at various SCA loci in
different populations. The
large ANs are alleles of more
than 31 repeats at the SCA1 lo-
cus, alleles of more than 22 re-
peats at the SCA2 locus and al-
leles of more than 13 repeats at
the SCA6 locus. (Data on
white and Japanese populations
from Takano et al. 1998)
range. As at the SCA1 and SCA2 loci, we compared our
data on large ANs with those from Japanese and white
populations. The frequencies of alleles of more than 
13 repeats in the Indian, Japanese and Caucasian popula-
tions are 0.032, 0.2, and 0.04, respectively. The frequency
of large ANs (>13 repeats) was significantly lower in the
Indian population than in Japanese population (c 2=53.59,
P<0.0001). No significant difference was observed be-
tween the Indian and white populations. When alleles of
more than 14 repeats were considered, the frequency in
the Indian population was significantly lower than that
among Japanese (c 2=23.6, P<0.0001) but higher than that
among whites (c 2=5.75, P<0.05). However, compared to
an incidence of SCA6 of 11% and 5%, respectively,
among Japanese and white SCA patients, our data show a
lower prevalence of SCA6 among SCA patients. This ob-
servation is consistent with the fact that most of the ethnic
populations studied (Brahmin, Santal, Tanti, Agharia and
Bagdi) do not have any large ANs greater than 13 repeats
at this locus. It is interesting to note that the Tripuris, who
are a Tibeto-Burman speaking tribal group, and the only
Mongoloid population studied (they are a part of the Bodo
ethnic stock who migrated from Tibet several centuries
ago), stands out from the rest at this locus (Table 4). They
have the highest heterozygosity and the maximum num-
ber of alleles among the study populations. They also
have the second highest frequency of large ANs (second
to Gaud, Hindu caste group) and, unlike the other popula-
tions, have the 13-repeat allele as the most frequent allele.
The Tripuris are also the only population in whom the fre-
quency of large ANs of more than 13 repeats is signifi-
cantly higher than that in the pooled population (c 2=5.5;
P<0.05).
It is also interesting to note that one of the two Austro-
Asiatic speaking tribal populations, the Lodhas (a numer-
ically small and geographically isolated group), stands out
from the rest considering both the SCA1 and SCA2 loci.
They have the highest frequency of large ANs and highest
mean CAG length at the SCA1 locus and have the 34-re-
peat as the most frequent allele, unlike the other popula-
tions. At the SCA2 locus they have the highest heterozy-
gosity although they do not have any alleles at the higher
range (>22 repeats) and the lowest mean CAG length. It
has recently been proposed that these Austro-Asiatic
speaking tribal groups represent the ancestral populations
who moved to India during one of the early waves of
„out-of-Africa“ migration (Majumder et al. 1999). The
other tribal group, the Santals, exhibit least heterozygosity
and has the least number of alleles at the SCA6 locus.
Our studies indicate that among SCA subtypes, SCA1
and SCA2 are the most frequent in the eastern Indian pop-
ulations, while SCA6 is less frequent. Our studies also
support the notion that larger ANs could be an indirect
source of information on population-specific SCAs. This
information would be particularly important for popula-
tions in which no epidemiological data on prevalence of
the disease is available. Further studies on SCA loci, in-
cluding larger patient samples, are necessary to substanti-
ate this viewpoint, particularly because after classification
of the SCA patients included in the present study to the
various ethnic groups the sample sizes were too small to
establish meaningful correlations between disease preva-
lence and the frequency of large ANs.
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